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OBJECf IVE — Development of critical limb ischemia (CLI) has been reported as an indepen- 
dent predictor of cardiac mortality in diabetic patients. We aimed to determine whether CLI, 
managed in a structured setting of close collaboration between different vascular specialists and 
treated with early endovascular intervention, has any impact on long-term cardiac mortality of 
diabetic patients initially presenting with symptomatic coronary artery disease (CAD). 

RESEARCH DESIGN AND METHODS— We designed a prospective observational 
study of 764 consecutive diabetic patients undergoing percutaneous coronary intervention 
(PCI) in whom development of CLI was assessed by a dedicated diabetic foot clinic. Cardiac 
mortality at 4-year follow-up was the primary end point of the study. 

RESULTS— Among the 764 patients, 111 (14%) developed CLI (PCI-CLI group) and under- 
went revascularization of 145 limbs, with procedural success in 140 (96%). PCI-CLI patients at 
baseline had lower left ventricular ejection fraction (51 ± 11% vs. 53 ± 10%, P= 0.008), higher 
prevalence of dialysis (7% vs. 0.3%, P < 0.0001), and longer diabetes duration (13 ±8vs. 11 ± 
7 years, P = 0.02) compared with PCI-only patients. At 4-year follow-up, cardiac mortality 
occurred in 10 (9%) PCI-CLI patients vs. 42 (6%) PCI-only patients (P = 0.2). Time-dependent 
Cox regression model for cardiac death revealed that CLI was not associated with an increased 
risk of cardiac mortality (hazard ratio 1.08 [95% CI 0.89-3.85]; P = 0.1). 

CONCLUSIONS — The development of promptly assessed and aggressively treated CLI was 
not significantly associated with increased risk of long-term cardiac mortality in diabetic patients 
initially presenting with symptomatic CAD. 



Diabetes is a major risk factor for 
cardiovascular morbidity and 
mortality (1-4). This condition in- 
creases the risk of developing coronary 
artery disease (CAD), cerebrovascular ar- 
tery disease, and peripheral artery disease 
(PAD) as much as fourfold and worsens 
the prognosis of patients with vascular 
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disease at each stage of the disease pro- 
cess (3,5). Diabetes increases approxi- 
mately twofold to fourfold the incidence 
and severity of critical limb ischemia 
(CLI), the end-stage clinical manifesta- 
tion of peripheral arterial disease and the 
leading cause of nontraumatic amputa- 
tion in Western countries (6). CLI, with 



or without lower-extremity amputation, 
is reportedly an independent predictor 
of cardiac mortality in diabetic patients, 
with the excess mortality also related to a 
high prevalence of severe CAD (7-18). 
Although previous studies highlighted 
PAD as an independent predictor of 
adverse events and cardiac mortality in 
patients initially presenting with symp- 
tomatic CAD undergoing percutaneous 
coronary interventions (PCIs) (19,20), di- 
agnostic criteria, the clinical status and 
treatment strategy (medical treatment or 
limb revascularization) of PAD were not 
specified. For a better understanding of 
the clinical impact of the association of 
CAD with CLI in diabetic patients and 
of the potential effect of coronary and 
limb revascularization on long-term 
cardiac mortality, we followed all dia- 
betic patients undergoing PCI at our in- 
stitution by means of a dedicated clinical 
pathway and compared the outcomes of 
the patients who developed CLI with 
those of the patients who did not develop 
this condition. 

RESEARCH DESIGN AND 
METHODS — The study was designed 
as a prospective, observational, referral 
center cohort study of consecutive di- 
abetic patients who underwent PCI. All 
incident cases of CLI were recorded and 
followed within a structured, collabora- 
tive framework (diabetologist, foot care 
specialist, vascular surgeon, interven- 
tional cardiologist). This model of strict 
collaboration among different profes- 
sional figures with a dedicated pathway 
for diabetic patients and early, aggressive 
attempts at endovascular revasculariza- 
tion, has been previously described (21) 
and demonstrated to result in a very low 
amputation rate. 

Consecutive diabetic patients under- 
going PCI with or without stent implanta- 
tion for either acute coronary syndrome or 
stable coronary disease between July 2002 
and May 2007 at the cardiovascular de- 
partment of San Donato Hospital (Arezzo, 
Italy) were enrolled. This is a PCI and 
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peripheral interventions center serving a 
population of 350,000 in Central Italy. 
Presence of diabetes, need for coronary 
revascularization, absence of clinical con- 
traindications to prolonged double anti- 
platelet therapy, and potential long life 
expectancy were the only criteria for study 
entry. Diabetes status was ascertained dur- 
ing the index procedure: all patients taking 
any antidiabetic drug (including metformin 
withdrawn before the procedure) or insulin 
were considered patients with diabetes. All 
patients had to give written informed 
consent. The study was approved by our 
institutional ethics committee. 

Once discharged, all patients were 
asked to return at specified intervals (at 
1 month, then every 6 months) to a 
dedicated PCI outpatient clinic for 
follow-up. A diabetologist reviewed the 
patients during the same appointment. 
Relevant data were collected and entered 
into a computer database. For those 
patients who did not return at the desig- 
nated time, follow-up information was 
collected by telephone interview. All pa- 
tients developing symptoms possibly 
related to myocardial ischemia had a 
rapid-access outpatient visit for clinical, 
electrocardiographic, laboratory, and 
possible angiographic assessments. 

If CLI was suspected at clinical exam- 
ination, patients were also reviewed by the 
foot clinic specialist. The aim was to 
establish a definitive diagnosis of CLI, de- 
fined as a condition characterized by 
chronic ischemic pain at rest, ulcers, or 
gangrene in one or both legs attributable to 
objectively proven arterial occlusive disease 
and reported according to the University of 
Texas Wound Classification System (22). 
Neuropathic gangrene was also ruled out. 

In cases of confirmed CLI, culprit 
limb angiography and revascularization 
(percutaneous transluminal angioplasty) 
were attempted within 1 week in all cases. 
CLI patients were also followed by the 
foot clinic specialist until complete heal- 
ing of the lesions was observed and un- 
derwent control duplex scan with ankle 
brachial index measurement every 
6 months afterward. In cases of CLI 
recurrence, angiography and repeat 
revascularization were immediately 
performed. In cases of target vessel oc- 
clusion on duplex scan, percutaneous 
transluminal angioplasty was repeated 
only in the presence of symptoms. 

End point definitions 

The primary end point of our study was 
the incidence of cardiac mortality at the 



longest possible follow-up. All deaths 
were considered to be of cardiac origin 
unless a noncardiac origin was estab- 
lished clinically or at autopsy. Hospital 
notes and autopsy reports were reviewed 
for patients who died in the hospital. All 
other possible information derived from 
hospital readmission, the referring physi- 
cian, relatives, or municipality live regis- 
tries was entered into the prospective 
database. 

Major adverse cardiac events were 
also recorded and defined as death, non- 
fatal myocardial infarction (MI), nonfatal 
stroke, and ischemia-driven repeat re- 
vascularization of the target lesion. MI 
was defined as the presence of new 
Q waves in >2 contiguous electrocar- 
diographic leads or an elevation of cre- 
atine kinase or its MB isoenzyme to ^2 
times the upper limit of normal. Ischemia- 
driven repeat revascularization of the 
target lesion was defined as any repeat 
PCI or aortocoronary bypass surgery 
necessitated by lumen renarrowing 
within the stent, or in the 5-mm seg- 
ments distal or proximal to the stent, 
associated with symptoms or objective 
signs of ischemia. Coronary stent throm- 
bosis was classified according to the 
Academic Research Consortium defini- 
tion (23). Stroke was defined as an acute 
neurologic deficit lasting longer than 
24 h. All events were adjudicated by an 
event adjudication committee (LP., R.B., 
and L.R.). 

Coronary and peripheral 
revascularization 

Coronary angioplasty was performed ac- 
cording to commonly accepted standards. 
The type of stent used, the admin- 
istration of glycoprotein II or Ilia in- 
hibitors, and the interventional strategy 
were left to operators' discretion. PCI was 
considered successful when thrombolysis 
in MI flow grade III and a <30% residual 
stenosis were obtained in the culprit ves- 
sel. Complete myocardial revasculariza- 
tion was considered when no stenosis 
>50% by visual estimation was present 
in the coronary vessels at the end of the 
procedure. Plasma concentrations of crea- 
tine kinase and its MB isoenzyme were 
systematically determined for 12 h after 
the intervention. Combined antiplatelet 
therapy with aspirin (>100 mg daily) 
and clopidogrel (75 mg daily) was started 
at least 24 h before procedure and contin- 
ued for at least 1 month in patients receiv- 
ing bare metal stents and 12 months in 
patients receiving drug-eluting stents. 



Limb revascularization was performed 
with an antegrade femoral approach in 
most cases. Retrograde contralateral 
femoral and retrograde ipsilateral pop- 
liteal approaches were performed in 
cases of ostial occlusion of the super- 
ficial femoral artery or stenosis of the 
common femoral artery of the culprit 
limb. Retrograde tibial approach was per- 
formed in case of failure of the antegrade 
recanalization. Balloon angioplasty was 
followed by nitinol stent implantation 
only in case of suboptimal angiographic 
results in the superficial femoral artery or 
popliteal artery. No stents were used in the 
infrapopliteal arteries. Limb revasculariza- 
tion was considered successful if it re- 
established continuous in-line flow to the 
pedal arch. Antegrade femoral sheaths 
were removed by operators at the end of 
the procedure after heparin reversion with 
protamine. 

Angiographic analysis 

Coronary angiograms were analyzed by a 
semiautomated edge contour detection 
computer analysis system (MEDIS QCA 
CMS, version 4). Reference diameter, 
minimal lumen diameter, percentage di- 
ameter stenosis, and lesion length were 
measured before and at the end of the 
procedure. 

Statistical analysis 

Values are reported as number of patients 
with relative percentage or mean ± SD. 
Nominal variables were compared with 
the Fisher exact test; continuous variables 
were compared with £ test. To assess 
whether CLI was an independent predic- 
tor of cardiac mortality, a time -sensitive 
Cox proportional hazard regression 
model was used for estimating the hazard 
ratios (HR) and corresponding 95% CIs. 
First, a univariate exploratory analysis 
was performed that included CLI as 
well as the baseline clinical variables. 
Next, a multivariable model was con- 
structed that included CLI along with 
the variables with a probability value 
<0.05 at univariate analysis, which were 
entered en bloc into the multivariate 
model, with age and sex as background 
variables. Analyses were performed with 
SPSS software, version 19 (IBM Corpora- 
tion, Armonk, NY). 

RESULTS — During the study period, 
917 diabetic patients underwent PCI 
at the San Donato Hospital (Supplemen- 
tary Fig. 1). Among these patients, 764 
were enrolled in the study, whereas 153 
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were excluded for the following reasons: 
lack of informed consent (47 patients), 
refusal to participate (41 patients), 
contraindications to prolonged dual an- 
tiplatelet therapy (47 patients), and short 
life expectancy (18 patients). Twenty 
patients underwent PCI and limb re- 
vascularization in the same index hos- 
pitalization and 91 developed CLI and 
underwent limb revascularization dur- 
ing follow-up, for a total of 111 (14%) 
patients with both PCI and CLI (PCI- 
CLI group). Baseline clinical characteris- 
tics of PCI-only and PCI-CLI patients are 
reported in Table 1. Patients with CLI 
were more hypertensive, were more 
likely to present with acute coronary syn- 
drome, had lower left ventricular ejec- 
tion fraction and more impaired renal 
function, and were more often on dialy- 
sis. They also had more frequently a pre- 
vious diagnosis of peripheral arterial 
disease and were less frequently treated 
with beta-blockers and statins. No signif- 
icant differences were noted between the 
study groups in terms of coronary angio- 
graphic and procedural characteristics 
(Supplementary Table 1). Clinical and 



procedural data related to peripheral in- 
tervention in the 145 limbs of PCI-CLI 
patients are reported in Supplementary 
Table 2. 

Major adverse cardiac event occur- 
rences at 4-year follow-up for both study 
groups are reported in Supplementary 
Table 3. Overall mortality was 17% (132 
patients) (Fig. 1), 16% among PCI-only 
patients and 24% among PCI-CLI pa- 
tients (P = 0.02). Cardiac death occurred 
in 52 (6.8%) patients, 42 (6%) PCI-only 
patients and 10 (9%) PCI-CLI patients 
(P = 0.2). Supplementary Table 4 reports 
the detailed causes of death. Time -sensitive 
Cox proportional hazard regression 
model for cardiac death revealed age 
(HR 1.09 [95% CI 1.05-1.13]; P < 
0.001), left ventricular ejection fraction 
<30% (9.90 [4.56-21.44]; P < 0.001) 
dialysis (6.79 [2.26-20.37]; P < 0.001) 
and a complete coronary revascularization 
(0.40 [0.22-0.75]; P = 0.002) to be 
independent predictors of cardiac death. 
Development of CLI was not indepen- 
dently associated with an increased risk 
of cardiac mortality (1.08 [0.89-3.85]; 
P = 0.09) (Fig. 2 and Table 2). 



Table 1 — Baseline clinical characteristics 



Characteristics 


PCI (N = 653) 


PCI with CLI (N= 111) 


P value 3 


Age (years, mean ± SD) 


68 ± 10 


70 ± 10 


0.1 










Hypercholesterolemia 


124(19) 


31 (28) 


0.04 


Family history of CAD 


110(17) 


18(16) 


0.6 


Hypertension 


449 (69) 


95 (85) 


0.0002 










NSTEACS 


386 (59) 


49 (44) 


0.003 


Previous MI 


123 (19) 


20(18) 




Previous myocardial revascularization 


47 (7) 


9(8) 


0.7 


LVEF <30% 


12(2) 


5(4) 


0.09 


Previous LEAD 


40 (6) 


67 (60) 


<0.0001 


Previous stroke 


34 (5) 


6(5) 


0.8 


Time from first diabetes diagnosis 


HbA lc (mean ± SD) 


7.2 ± 0.3 


7.9 ± 0.3 


0.06 


Insulin treatment 


120 (18) 


21 (19) 


0.8 


Creatinine (mg/dL, mean ± SD) 


1.2 (0.8) 


1.8 (2) 


<0.0001 


Creatinine >1.5 mg/dL 


77 (12) 


28 (25) 


0.0005 


Dialysis 


2 (0.3) 


8(7) 


<0.0001 


Beta-blockers 


483 (74) 


60 (54) 


0.0001 


ACE inhibitors or sartans 


401 (61) 


84 (75) 


0.003 


Statins 


523 (80) 


73 (66) 




Single antiplatelet therapy 


651 (99) 


110 (99) 


0.9 



Data presented are expressed as n (%) of participants unless otherwise indicated. LEAD, lower-extremity 
arterial disease; LVEF, left ventricular ejection fraction; NSTEACS, non-ST elevation acute coronary syn- 
drome. a The x 2 test was used for comparison of categorical variables and the unpaired two-tailed t test for 
continuous variables unless otherwise indicated. 



CONCLUSIONS— Although previous 
studies have shown high cardiac mortality 
rates in diabetic patients with CLI, major 
design flaws did not allow inferences 
regarding the prognostic impact of the 
association of coronary and acute PAD 
and the role of revascularization. We 
therefore evaluated the impact of CLI on 
cardiac mortality in a large population of 
consecutive diabetic patients with known 
CAD successfully treated with PCI who 
were closely followed up and aggressively 
revascularized (if CLI developed) in a 
dedicated outpatient cardiologic and di- 
abetic foot clinic. Our aim was to ascertain 
the independent prognostic value of CLI 
in a combined care setting of close 
collaboration between different vascular 
specialists. 

The major findings of the current 
study are as follows; I) Development of 
CLI was not an independent predictor of 
cardiac mortality at a mean follow-up of 
4 years. Although this finding is seem- 
ingly in contrast with the trend toward 
increased cardiac mortality in CLI pa- 
tients, such a phenomenon could be 
mainly explained by the higher risk fac- 
tor burden in this cohort and thus by the 
associated variables. 2) Age, left ventric- 
ular ejection fraction, and dialysis were 
the main independent predictors of car- 
diac mortality in patients with diabetes 
with or without CLI. 3) A strategy of 
close observation for development of 
CLI and early percutaneous revasculari- 
zation of the ischemic limbs was highly 
effective, with a major amputation rate 
of only 4% at 4 years. 

The cardiac mortality of 6% at 4 years 
observed among PCI patients was similar 
to that reported for stable CAD patients in 
the Bypass Angioplasty Revascularization 
Investigation 2 Diabetes trial (24), 
whereas the rate of 9% among PCI-CLI 
patients was substantially lower than pre- 
viously reported rates. Indeed, a total 
mortality of 50%, a cardiac mortality of 
31%, and a major amputation rate of 
13% at a mean follow-up of 5.9 years 
were reported by Faglia et al. (15) in 
564 consecutive CLI patients. Similar re- 
sults have been reported by other authors 
(8,25). The low cardiac mortality rate ob- 
served in PCI-CLI patients in this study 
was probably due to a combination of car- 
diovascular risk management, coronary 
revascularization, and low major amputa- 
tion rate. 

With regard to risk factor manage- 
ment, it should be noted that our patients 
had a first diagnosis of CAD and that their 
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care team consistently included a cardi- 
ologist. Patients with PAD as first diagno- 
sis were found to be less intensively 
managed for hypertension and hyperlip- 
idemia and less often receiving antiplate- 
let therapy than patients with CAD with 
or without PAD in primary care (26,27). 
In our study, although medical therapy 



Age 



LVEF<30% 



Dialysis 



Complete coronary 
revascularization 



CLI 



was still not optimal, all patients with or 
without CLI were receiving > 1 antiplate- 
let medication indefinitely, >65% of pa- 
tients were receiving statins, and all 
patients with hypertension were receiving 
either beta-blockers or angiotensin con- 
verting enzyme inhibitors. Although 
Cox regression did not show a significant 



interaction between cardiac mortality and 
any of these drugs, several reports have 
demonstrated a mortality reduction in di- 
abetic CAD and diabetic CLI patients with 
an aggressive cardiovascular risk manage- 
ment policy (26,28-30). 

With respect to coronary revascular- 
ization, we enrolled patients only after 
PCI to avoid a potential bias from un- 
derlying undiagnosed CAD. In a study by 
Faglia et al. (31), 4-year cardiac mortal- 
ities in CLI patients hospitalized for limb 
revascularization were 10% among dia- 
betic patients without a history of CAD, 
38% among patients with history of CAD 
without previous myocardial revascular- 
ization, 15% in CAD patients with pre- 
vious myocardial revascularization, and 
only 2% in patients in whom myocardial 
revascularization was performed im- 
mediately after revascularization of 
the ischemic limb. The indications for 
coronary angiography in this study, 
however, were based on ventricular 
function, and no functional data were re- 
ported. 

In our series, the major amputation 
rate was 4% at 4 years, and this may have 
contributed to the low cardiac mortality 
observed (9,10,13,16). The low amputa- 
tion rate was probably a consequence of a 
dedicated clinical pathway for PCI-CLI 
patients, with continuous clinical obser- 
vation of the foot lesion healing process 
and strict monitoring of vessel patency. 

The excess cardiac mortality among 
PCI-CLI patients, according to multivar- 
iate analysis, was related to age, dialysis, 
severe left ventricular systolic dysfunc- 
tion, and incomplete coronary revascu- 
larization (all factors associated with CLI) 
and not to CLI itself. This concept is also 
strengthened by the consistent ratio of 
cardiac to noncardiac mortality of 2:3 in 
both CLI and non-CLI patients. These 
findings are in agreement with those 
reported by previous studies either in 
diabetic CAD or diabetic CAD plus CLI 
patients (15,32-34). Heart failure was re- 
sponsible for most cardiac deaths in both 
groups, and this may be a consequence of 
postinfarction remodeling, which is more 
frequent in patients with diabetes, or of 
diabetic cardiomyopathy (35,36). Dialy- 
sis represents the end stage of diabetic ne- 
phropathy and was a crucial determinant 
of the development of CLI and of the dif- 
ference in cardiac mortality between PCI 
and PCI-CLI patients. As reported in a 
previous study, CLI represents a main 
cause of death among patients with end- 
stage renal disease (37). 



I I I I I 

0 1 3 6 9 12 15 IS 21 24 27 

Hazard Ratio 

Figure 2 — Time-sensitive Cox proportional hazard regression model for independent predictors 
of cardiac death at 4 -year follow-up in the overall study population. HR is reported with relative 
95% CI. LVEF, left ventricular ejection fraction. 
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Table 2 — Univariable- and multivariable-adjusted predictors of primary end point (cardiac 
death) 



Variables 


Unadjusted 
HR (95% CI) 


P value 3 


Multivariable-adjusted 
HR (95% CI) 


P value 3 


CLI 


0.59 (0.45-1.67) 


0.2 


1.08 (0.89-3.85) 


0.09 


Male sex 


0.6(0.3-1.3) 


0.2 


1.9 (0.9-4.1) 


0.3 


Statins 


0.97 (0.4-2.3) 


0.95 






Beta-blockers 


0.77 (0.3-1.97) 


0.58 






ACE inhibitors or sartans 


1.48 (0.64-3.47) 


0.36 






Ejection fraction <30% 


15.88 (5.07-49.75) 


<0.001 


9.9 (4.56-21.44) 


<0.001 


Smokers 


0.87 (0.3-4.57) 


0.54 






Family history of CAD 


3.49 (0.34-4.7) 


0.7 








1.11 (0.47-2.65) 


0.8 






Hypertension 


2.01 (0.86-4.71) 


0.57 














Dialysis 


27.37 (6.03-124.2) 


<0.001 


6.79 (2.26-20-37) 


<0.001 


Complete coronary 


0.74 (0.67-0.95) 


0.027 






Previous acute MI 


2.2 (0.91-5.51) 


0.081 








AHA lesion type C 


0.95 (0.22-4.08) 


0.95 






Total stent length 


0.99 (0.93-1.05) 


0.67 






Number of diseased 
coronary vessels 


1.02 (0.48-2.16) 


0.96 







AHA, American Heart Association (lesion type classification); CABG, coronary artery bypass grafting. a By Cox 
proportional hazards model. On target refers to LDL cholesterol <100 mg/dL, blood pressure < 140/90 
mmHg, and glycated hemoglobin <7% at enrollment (147 patients). 



Another important concern is the 
relatively high incidence of noncardiac 
mortality in our sample, mainly of stroke, 
sepsis (especially among patients who 
developed CLI), and malignancy, which 
underlines the importance of a close, 
interdisciplinary follow-up of these frail, 
elderly diabetic patients (38). 

Study limitations 

First, as a real- world single-center regis- 
try, the study is limited by a lack of a valid 
control group. One should also recog- 
nize, however, that a randomized study 
would be very difficult to implement in 
this particular subset of patients. Second, 
our findings stem from a tight coopera- 
tion of multidisciplinary professionals 
aimed at arranging a dedicated pathway 
for the treatment of diabetic patients with 
systemic atherosclerosis and therefore 
might not be reproduced in different 
settings. Third, although we believe that 
strict control of risk factors could in part 
explain our results, we were not able to 
find a correlation between clinical out- 
come and being on-target at baseline on 
variables such as LDL cholesterol, blood 
pressure, and glycemic control. Although 



this could be because many of our pa- 
tients were enrolled during their first 
episode of manifest CAD, the lack of 
consistent reporting of such variables 
is an inherent limitation of our result. 
Finally, non-CLI symptomatic or asymp- 
tomatic PAD status was also not con- 
sistently reported in our database, 
limiting possible inferences on such pa- 
tients. Reporting the survival data on such 
patients, however, might have shifted the 
main focus of our study, the prognosis of 
CLI patients. 

Conclusion 

CLI in diabetic patients with CAD may 
have no influence on clinical outcome 
and cardiac death in the context of a 
global cardiovascular program including 
clinical and interventional diagnostic and 
therapeutic activities with both peripheral 
and coronary percutaneous revasculari- 
zation. 
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